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(54) HEATER UTILIZING MICROWAVE AND BONDING METHOD USING IT 

(57) Materials transparent for microwaves cannot 
be heated to high temperatures by using conventional 
microwave heating apparatuses and conventional bond- 
ing methods using such apparatuses. To solve this 
problem, the present invention discloses a microwave 
heating apparatus and a method of bonding objects 
thereby, being characterized as described below. A sus- 
ceptor 10 is disposed at a predetermined position in an 
applicator 2, and at the passing -through portion of the 
susceptor 10, two ceramic materials 13 and an interme- 
diate frit material 1 4 are disposed so that the intermedi- 
ate frit material 14 is sandwiched between the two 



ceramic materials 13. In addition, at the position of the 
susceptor 10, the distance between a magnetron oscil- 
lator and a reflection plate with an adjustment rod is 
adjusted so that a microwave from the magnetron oscil- 
lator can resonate. In this condition, the susceptor 10 
absorbs the microwave from the magnetron oscillator 
and generates radiation heat on the basis of the energy 
of the absorbed microwave to heat the intermediate frit 
material 1 4 to a high temperature, thereby to melt it. The 
melted intermediate frit material is used as a bonding 
material to bond the two ceramic materials 1 3. 
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Description 



TECHNICAL FIELD 



[0001] The present invention relates to a microwave s 
heating apparatus and a method of bonding objects 
thereby 



BACKGROUND OF THE INVENTION 
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[0002] A method wherein a glass material is melted by 
an electric furnace, and the melted glass material is 
bonded to a metal; a method wherein a glass material 
and a metal are heated and melted by a burner, and the 
melted glass material and metal are bonded to each 15 
other; and the like are used generally. 
[0003] Furthermore, as a special bonding method, a 
method of ceramic-to-ceramic bonding is used wherein 
an intermediate ceramic sealing material is sandwiched 
between two ceramic materials, the intermediate 20 
ceramic sealing material is directly heated by a micro- 
wave, and the intermediate ceramic sealing material is 
used as a bonding material to bond the two ceramic 
materials (Bonding Technology Data Handbook 
depending on Type of Material, by Science Forum Inc., 25 
Vol. 2 (Ceramic Material Bonding), Page 14). 
[0004] Furthermore, when a metal is bonded to a 
ceramic material for example, the bonding is carried out 
occasionally in an Ar gas atmosphere to prevent the 
metal from being oxidized. In this case, a glass material 30 
to be melted and used as an intermediate material is 
sandwiched between the metal and the ceramic mate- 
rial, the metal is heated by Ar arcs or high-frequency 
heating to melt the glass material, and the melted glass 
material is used as a bonding material to bond the metal > 35 
and the ceramic material. 

[0005] In a similar way, when a material to be sealed 
in such as a metal is fed in a glass tube, one end of 
which has been sealed in advance, and the glass tube 
is sealed at a predetermined portion, the operation 40 
steps of feeding the material to be sealed in into the 
glass tube and sealing the glass tube are occasionally 
carried out in an Ar atmosphere to prevent the material 
to be sealed in from being oxidized. 
[0006] However, when ceramic materials are bonded 45 
to each other as described above, the bonding is carried 
out in a condition wherein an intermediate ceramic seal- 
ing material is sandwiched between the two ceramic 
materials. Since an oxide constituting the intermediate 
ceramic sealing material is transparent for a microwave, so 
the intermediate ceramic sealing material cannot be 
heated sufficiently, and the two ceramic materials can- 
not be bonded to each other, even if the intermediate 
ceramic sealing material is heated by using the micro- 
wave, unless a coupling material having a high resist- 55 
ance is included in the intermediate ceramic sealing 
material. 

[0007] Furthermore, when no metal is present at a 



bonding portion, that is, when two objects to be bonded 
are not metals, just as in the above-mentioned case of 
the ceramic-to-ceramic bonding, the two objects to be 
bonded cannot be bonded, even if the bonding portion 
is heated by microwave dielectric heating. 
[0008] Furthermore, when a material to be sealed in 
such as a metal is fed in a glass tube, one end of which 
has been sealed in advance, and the glass tube is 
sealed at a predetermined position in an Ar gas atmos- 
phere, if the glass tube is made of glass having a low 
melting point just as in the case of borosilicate glass or 
lead glass, the glass tube having such a low melting 
point can be melted and sealed by an electric furnace. 
However, if the glass tube is made of glass having a 
high melting point just as in the case of quartz glass, the 
glass tube having such a high melting point cannot be 
melted unless it is heated to about 2000°C or more. In 
order to melt the glass tube, it is necessary to use a 
special electric furnace capable of heating the glass 
tube to about 2000°C or more. Therefore, in order to 
carry out the steps of feeding a material to be sealed in 
into such a glass tube having a high melting point and 
sealing the glass tube by using an electric furnace, such 
a special electric furnace must be provided, and an 
installation for accommodating the special electric fur- 
nace is required in an Ar atmosphere. Consequently, 
such an installation becomes large in size. 
[0009] Furthermore, when a ceramic material having 
a high melting point is melted, a special electric furnace 
capable of heating the ceramic material to about 
2000°C or more is required just as in the above-men- 
tioned case of melting a glass tube made of quartz 
glass having a high melting point. 
[001 0] When a tungsten heater or a carbon heater is 
used instead of the above-mentioned special electric 
furnace as a heat source, the heat source can heat and 
melt a local portion of the glass tube and the like. Since 
the heat source generates a large amount of heat, it 
must be cooled. However, since the amount of heat 
generated by the heat source is large, it is very difficult 
to cool the heat source. In addition, energy loss gener- 
ated at the time of the cooling becomes significant. For 
this reason, when such a tungsten heater or carbon 
heater is used as a heat source, its energy efficiency 
becomes extremely low. 

[0011] When Ar arcs or a burner is used to heat 
objects to be bonded and/or an intermediate material, 
the temperature around the heated portion rises signifi- 
cantly. Therefore, when the steps of feeding a material 
to be sealed in such as a metal into a glass tube, one 
end of which has been sealed in advance, and of seal- 
ing the glass tube are carried out in a hermetically 
sealed container such as a glove box or the like charged 
with Ar gas to prevent the material to be sealed in from 
being oxidized, the temperature in the hermetically 
sealed container rises significantly when the glass tube 
is heated by Ar arcs or the like. It is thus necessary to 
control the temperature and pressure in the hermeti- 
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cally sealed container. 
DESCLOSURE OF THE INVENTION 

[001 2] In consideration of the problem that the above- s 
mentioned conventional microwave heating apparatus 
and the method of bonding objects by using the appara- 
tus cannot heat materials transparent for microwaves, 
one object of the present invention is to provide a micro- 
wave heating apparatus capable of heating materials 10 
transparent for microwaves to high temperatures and to 
provide a method of bonding objects by using the appa- 
ratus. 

[0013] Furthermore, another object of the present 
invention is to provide a microwave heating apparatus 15 
capable of heating materials transparent for microwaves 
to high temperatures and to provide a method of bond- 
ing objects by using the apparatus in an atmosphere of 
a rare gas such as Ar gas or in a substantially vacuum 
condition. 20 
[001 4] A microwave heating apparatus of the present 
invention comprises a microwave generating means for 
generating a microwave and a heat generating means 
for absorbing said microwave from said microwave gen- 
erating means and for generating heat on the basis of 25 
said absorbed microwave and, wherein said heat gener- 
ating means is disposed to substantially cover a prede- 
termined position. 

[0015] A method of the present invention of bonding 
objects to be bonded is that with using a microwave 30 
heating apparatus of the present invention, objects to be 
bonded are disposed at a predetermined distance posi- 
tion from said heat generating means of said apparatus 
or at a position covered by said heat generating means, 
and said objects are bonded by using the heat from said 35 
heat generating means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] 40 

FIG. 1 is a side view of a microwave heating appa- 
ratus in accordance with the present invention; 
FIG. 2 is a side view of the glove box of a microwave 
heating apparatus in accordance with embodiment 45 

1 of the present invention; 

FIG. 3 is a side view of the glove box of a microwave 
heating apparatus in accordance with embodiment 

2 of the present invention; 

FIG. 4 shows the arrangement of a quartz glass so 
tube, a metal rod and a graded glass piece when 
the metal rod is bonded to and sealed in the quartz 
glass tube by using a microwave heating apparatus 
in accordance with embodiment 3 of the present 
invention. 55 
FIG. 5 shows a status where the generation posi- 
tion of the standing wave is adjusted by using the 
reflection plate in an embodiment of the present 



invention. 

FIG. 6 shows a status where the generation posi- 
tion of the standing wave is adjusted by using the 
reflection plate in an embodiment of the present 
invention. 

FIG. 7 shows a status where the susceptor is 
cooled in an embodiment of the present invention. 
FIG. 8 shows a status where the susceptor is 
cooled in an embodiment of the present invention. 

1 glove box 

2 applicator 

3 magnetron oscillator 

4 power supply unit 

5 isolator 

6 stub tuner 

7 detector 

8 waveguide 

9 microwave transmission window 

10 susceptor 

1 1 thermal insulating material 

1 2 reflection plate with adjustment rod 

13 ceramic material 

1 4 intermediate frit material 

15 quartz glass tube 

16 through hole 

17 exhaust pipe 

18 metal rod 

19 graded glass piece 

20 valve for closing 

21 valve for adjusting 

22 pump 

23 pipe 

24 nozzle 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0017] Embodiments of the present invention will be 
described below referring to the accompanying draw- 
ings. 

(Embodiment 1) 

[0018] First, the structure of a microwave heating 
apparatus in accordance with embodiment 1 of the 
present invention will be described below. 
[001 9] FIG. 1 is a side view of the microwave heating 
apparatus in accordance with embodiment 1 of the 
present invention. FIG. 2, being supplementary to FIG. 
1, is a side view of the glove box 1 of the microwave 
heating apparatus. 

[0020] The numeral 1 designates a substantially her- 
metically sealed chamber, that is, a glove box for sub- 
stantially blocking the entry of outside air. In 
embodiment 1, the glove box 1 is charged with a prede- 
termined amount of Ar gas. The Ar gas charged in the 
glove box 1 is circulated by a purifier to remove the 
moisture content in the Ar gas as much as possible, 
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thereby to reduce the dew-point of the Ar gas. The 
numeral 2 designates an applicator, the major portion of 
which is disposed in the glove box 1 . At the applicator 2, 
a microwave is introduced from a magnetron oscillator 3 
described later into the glove box 1 via a waveguide 8 
described later, and a standing wave of the microwave 
is generated to resonate the microwave. The numeral 3 
designates the magnetron oscillator for generating a 
microwave. The numeral 4 designates a power supply 
unit for supplying electric power to the magnetron oscil- 
lator 3. The numeral 5 designates an isolator. The isola- 
tor 5 prevents the microwave from the magnetron 
oscillator 3 from returning to the magnetron oscillator 3 
after the microwave is reflected by a reflection plate 12 
with an adjustment rod described later and the like. The 
numeral 6 designates a stub tuner. This device performs 
tuning so that the energy of the microwave generated by 
the magnetron oscillator 3 can be supplied efficiently to 
the applicator 2. The numeral 7 is a detector for detect- 
ing energy supplied to the applicator 2 and energy 
reflected to the magnetron oscillator 3. The magnetron 
oscillator 3. the power supply unit 4, the isolator 5. the 
stub tuner 6 and the detector 7 are provided outside the 
glove box 1 . The numeral 8 designates a waveguide for 
guiding the microwave from the magnetron oscillator 3 
to the applicator 2. The numeral 9 designates a micro- 
wave transmission window disposed at the opening of 
the waveguide 8 on the side of the applicator 2 and 
formed of a high-purity alumina plate for allowing the 
microwave from the magnetron oscillator 3 to pass 
through. The waveguide 8 is connected to the applicator 
2 via the microwave transmission window 9. Via a Teflon 
gasket packing material, the microwave transmission 
window 9 at the connection portion is disposed to close 
the openings of the waveguide 8 and the applicator 2, 
which are provided in face-to-face relationship. There- 
fore, the passage of the microwave from the magnetron 
oscillator 3 is shut off from the outside air. The numeral 

10 designates a partially passing-through cylindrical 
susceptor (microwave absorbing material). This sus- 
ceptor 10 is disposed at the resonance position of the 
microwave inside the applicator 2 in the glove box 1 so 
as to substantially cover a predetermined area as 
shown in FIG. 2, and is used as a means for absorbing 
the microwave from the magnetron oscillator 3 and for 
generating radiation heat on the basis of the energy of 
the absorbed microwave. The susceptor 10 is made of 
silicon carbide (SiC). The numeral 1 1 designates a ther- 
mal adiabatic material made of zirconia. This adiabatic 
material is disposed around the susceptor 10 inside the 
applicator 2 in the glove box 1 as shown in FIG. 2 to 
thermally adiabate the susceptor 10. In addition, an alu- 
mina block is also disposed as a thermal adiabatic 
material 1 1 so as to cover the thermal adiabatic material 

1 1 made of zirconia, thereby to thermally adiabate the 
susceptor 10. The numeral 12 designates a reflection 
plate with an adjustment rod. As shown in FIG. 2, the 
reflection plate 1 2 with the adjustment rod is disposed at 



one end of the applicator 2, that is, at the end of the 
applicator 2 on the opposite side of the magnetron oscil- 
lator 3, and is used to adjust the distance to the magne- 
tron oscillator 3. By the movement of the reflection plate 

5 12 with the adjustment rod, the distance between the 
reflection plate 1 2 with the adjustment rod and the mag- 
netron oscillator 3 is changed, the microwave becomes 
a standing wave inside the applicator 2, and the energy 
of the microwave from the magnetron oscillator 3 is con- 

w centrated on the susceptor 1 0. 

[0021] Next, the operation of the microwave heating 
apparatus in accordance with embodiment 1 of the 
present invention will be described below. 
[0022] In the explanation of embodiment 1 , the oper- 

15 ation of the microwave heating apparatus will be 
described below when two ceramic materials 13 are 
bonded to each other in the glove box 1 charged with a 
predetermined amount of Ar gas. 
[0023] When the two ceramic materials 1 3 are bonded 

20 to each other, they are disposed so that they are 
arranged substantially perpendicular to the straight line 
extending from the susceptor 10 to the magnetron oscil- 
lator 3 and so that the mutual bonding portions of the 
ceramic materials 13 are covered with the susceptor 10 

25 at the passing-through portion of the susceptor 10 as 
shown in FIG. 2. In addition, an intermediate frit material 
1 4 for bonding the two ceramic materials 1 3 is disposed 
between the two ceramic materials 13. In other words, 
the ceramic materials 13 and the intermediate frit mate- 

30 rial 1 4 are disposed so that the intermediate frit material 
14 is sandwiched between the two ceramic materials 
13. CaO-AI 2 0 3 having a melting point of about 1000 to 
1500°C is used as the intermediate frit material 14. 
[0024] The magnetron oscillator 3 generates a micro- 

35 wave having a predetermined amount of energy. The 
microwave passes the waveguide 8, passes through the 
microwave transmission window 9. is introduced into the 
applicator 2, and is absorbed by the susceptor 10 com- 
prising two segments. The reflection plate 12 with the 

40 adjustment rod has been adjusted so that the reso- 
nance portion of the microwave is aligned with the posi- 
tion of the susceptor 1 0, that is, so that the energy of the 
microwave becomes maximum at the position of the 
susceptor 10. 

45 [0025] That is FIG.5 shows a status before the adjust- 
ment and FIG.6 shows a status where the maximum 
position of the electric field intensity 100 of a standing 
wave is disposed at a center of the susceptor 1 0. 
[0026] Next, the susceptor 10 generates radiation 

so heat on the basis of the energy of the absorbed micro- 
wave. The temperature of the intermediate frit material 
14 is raised to a predetermined temperature, that is, the 
melting point of the intermediate frit material 14, in a 
short time of several seconds to several minutes. The 

55 intermediate frit material 14 is melted and used as a 
bonding material to bond the two ceramic materials 13. 
[0027] In a conventional case wherein a microwave is 
directly absorbed by the intermediate frit material 14 to 



4 



7 



EP0 932 327 A1 



8 



melt the intermediate frit material 14 without using the 
susceptor 10, it has been assumed that the intermedi- 
ate frit material 14 is required to include an inorganic 
coupling agent for absorbing the microwave. In the case 
of embodiment 1 , however, the intermediate frit material 5 
14 is made of CaO-AI 2 0 3 as described above and does 
not include any inorganic coupling agent. Nevertheless, 
since the intermediate frit material 14 in accordance 
with embodiment 1 absorbs radiation heat from the sus- 
ceptor 10 and is heated to a high temperature, the frit yo 
material 14 can be melted even when the material does 
not include any inorganic coupling agent. 
[0028] In embodiment 1 , the microwave transmission 
window 9 is formed of a high-purity alumina plate. How- 
ever, the microwave transmission window 9 may be is 
formed of a high-purity Teflon plate. 
[0029] In addition, in embodiment 1 , the thermal adia- 
batic material 1 1 made of zirconia is used, and the alu- 
mina block is also disposed. In the present invention, 
however, the zirconia material and the alumina block for 20 
the thermal adiabatic materials 1 1 used as thermal adi- 
abatic means in embodiment 1 may be disposed at 
places interchanged from each other. Furthermore, only 
the zirconia material or the alumina block may be used 
for the thermal adiabatic material 1 1 as the thermal adi- 25 
abatic means. 

[0030] Additionally, in embodiment 1 , the intermediate 
frit material 14 is made of CaO-AJ 2 0 3 . In the present 
invention, however, CaO-AI 2 0 3 -Si0 3 or MgO-AI 2 0 3 - 
Si0 3 , not including any inorganic coupling material, may 30 
be used for the intermediate frit material 14 used as a 
sealing material to be melted. 
[0031] Moreover, in embodiment 1, the intermediate 
frit material 14 is used and melted by radiation heat from 
the susceptor 10, and the ceramic materials 13 sand- 35 
wiching the intermediate frit material 14 are bonded to 
each other by using the melted intermediate frit material 
14. In the present invention, however, without using the 
intermediate frit material 14, the connection portions of 
the two ceramic materials 13 used as materials to be 40 
bonded may be sintered by radiation heat from the sus- 
ceptor 10 to bond the ceramic materials 13 to each 
other. 

(Embodiment 2) 45 

[0032] The structure and operation of a microwave 
heating apparatus in accordance with embodiment 2 of 
the present invention will be described below. 
[0033] A main difference between embodiment 2 and so 
embodiment 1 is that the objects to be bonded by using 
the above-mentioned heating apparatus of embodiment 
1 differ from those to be bonded by the heating appara- 
tus of embodiment 2. In the explanation of embodiment 
2, only matters different from those in embodiment 1 will 55 
be described below. 

[0034] In the explanation of embodiment 2, the oper- 
ation of a microwave heating apparatus is described, 



when a quartz glass tube 15 sealed on one side and 
charged with a metal halide having a high vapor pres- 
sure is melted at a predetermined position with the tube 
kept charged with the metal halide, and when the 
melted portion thereof is bonded to hermetically seal 
the quartz glass tube 15. 

[0035] FIG. 3 is a side view of the glove box 1 of the 
microwave heating apparatus in accordance with 
embodiment 2 of the present invention. 
[0036] In the microwave heating apparatus in accord- 
ance with embodiment 2 of the present invention, the 
applicator 2 has a through hole 16 passing through in 
the vertical direction in FIG. 3. In addition, the susceptor 
10 is disposed so that the passing-through portion of 
the susceptor 10 coincides with the through hole 16. 
Furthermore, the microwave heating apparatus in 
accordance with embodiment 2 of the present invention 
is provided with an exhaust pipe 17 disposed at a pre- 
determined position above the through hole 16. 
[0037] In a condition wherein the metal halide to be 
hermetically sealed in the quartz glass tube 15 is pre- 
vented from being oxidized inside the glove box 1 
charged with Ar gas, the metal halide is fed into the 
quartz glass tube 15 having been sealed in advance on 
one side thereof, and the quartz glass tube 15 is 
inserted into the through hole 16 with the sealed portion 
thereof directed downward. With the metal halide kept 
included, the quartz glass tube 15 is disposed so that its 
predetermined portion to be sealed is positioned at the 
portion passing through the susceptor 10. Next, the 
unsealed upper portion of the quartz glass tube 15 is 
connected to the exhaust pipe 17. The gas inside the 
quartz glass tube 15 is exhausted under reduced pres- 
sure by a vacuum pump disposed outside the glove box 
1 and connected to the exhaust pipe 1 7. 
[0038] After this, the magnetron oscillator 3 generates 
a microwave having a predetermined amount of energy. 
The microwave passes the waveguide 8, passes 
through the microwave transmission window 9, is intro- 
duced into the applicator 2, and is absorbed by the sus- 
ceptor 10. 

[0039] The susceptor 1 0 generates radiation heat on 
the basis of the energy of the absorbed microwave, the 
quartz glass tube 15 is softened and melted at the pre- 
determined portion, and its softened and melted portion 
is bonded. When the quartz glass tube 15 is softened 
and melted, its softened and melted portion tends to 
hang down by its own weight. Therefore, the energy of 
the microwave generated by the magnetron oscillator 3 
must be set properly, and/or the time of supplying the 
energy to the susceptor 10 must be set at an appropri- 
ate time. By properly controlling the energy of the micro- 
wave generated by the magnetron oscillator 3 and/or 
the time of supplying the energy to the susceptor 1 0, the 
quartz glass tube 15 can be sealed in a short time. 
[0040] By adjusting the clearance between the sus- 
ceptor 10 and the quartz glass tube 15. the amount of 
heat to be applied to the quartz glass tube 15. that is, 
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the temperature distribution of the quartz glass tube 15 
can be adjusted. For example, when the diameter of the 
through hole 16 in the applicator 2 is increased, and in 
accordance with this increase, the diameter of the pass- 
ing-through portion of the susceptor 10 is also 5 
increased, the high temperature area of the quartz 
glass tube 15 becomes smaller and limited. When the 
clearance between the susceptor 10 and the quartz 
glass tube 15 is decreased, the high temperature area 
of the quartz glass tube 15 becomes larger. Therefore, K 
by adjusting the clearance between the susceptor 10 
and the quartz glass tube 15, the quartz glass tube 15 
can be heated locally, and thermal effects to portions 
other than the heated portion can be reduced. 
[0041 ] In the Ar gas atmosphere in the glove box 1 , an 15 
Ar arc generating Ar burner or the like has been used 
conventionally to hermetically seal the quartz glass tube 
15. When such an Ar burner is used in the glove box 1 
in this way, workability is lowered. In addition, since the 
temperature of the entire glove box 1 increases, the 20 
pressure therein also increases. It is thus necessary to 
perform work efficiently to ensure safety. Furthermore, 
when the quartz glass tube 15 is melted and bonded by 
using the Ar burner, large amounts of silica powder of 
quartz and very thin thread-like quartz are generated, 25 
and these must be removed. However, it is extremely 
difficult to perform the removal inside the glove box 1. 
[0042] In the microwave heating apparatus in accord- 
ance with embodiment 2 of the present invention, how- 
ever, the quartz glass tube 1 5 can be easily hermetically 30 
sealed inside the glove box 1 charged with Ar gas with- 
out using an Ar burner as described above. 
[0043] Consequently, by using the microwave heating 
apparatus in accordance with embodiment 2 of the 
present invention, the above-mentioned metal halide 35 
having a high vapor pressure can easily be hermetically 
sealed in the quartz glass tube 15, and materials 
extremely undesired to be oxidized can easily be 
bonded to and hermetically sealed in the quartz glass 
tube 15. "40 
[0044] In embodiment 2, the material to be hermeti- 
cally sealed in the quartz glass tube 15 is a metal hal- 
ide. However, the material to be hermetically sealed in 
the quartz glass tube 15 may be mercury, metal and/or 
metal halide. 45 

(Embodiment 3) 

[0045] The structure and operation of a microwave 
heating apparatus in accordance with embodiment 3 of so 
the present invention will be described below. 
[0046] A main difference between embodiment 3 and 
embodiment 1 or 2 is that the objects to be bonded by 
using the above-mentioned heating apparatuses differ 
from those to be bonded by the heating apparatus of 55 
embodiment 3. In the explanation of embodiment 3, 
only matters different from those in embodiment 1 or 2 
will be described below. 



[0047] In the explanation of embodiment 3, the oper- 
ation of the microwave heating apparatus is described 
below when a cylindrical metal rod 18 made of Mo, W or 
the like undesired to be oxidized is bonded to and 
sealed in a quartz glass tube 15. 
[0048] FIGS. 4a and 4b are views showing the 
arrangement of the quartz glass tube 15, the metal rod 

18 and a graded glass piece 19 when the metal rod 18 
undesired to be oxidized is bonded to and sealed in the 
quartz glass tube 15 by using the microwave heating 
apparatus in accordance with embodiment 3 of the 
present invention. The graded glass piece 19 is a mate- 
rial to be used to bond the metal rod 18 to the quartz 
glass tube 15. Its thermal expansion coefficient varies 
gradually depending on its area; the thermal expansion 
coefficient on its one side making contact with the 
quartz glass tube 15 is (1 to 8) x 10- 7 /°C, and the ther- 
mal expansion coefficient on its other side making con- 
tact with the metal rod 18 is (10 to 100) x 10' 7 /°C. FIG. 
4a is a sectional side view showing the arrangement of 
the quartz glass tube 15, the metal rod 18 and the 
graded glass piece 19 described above, FIG. 4b is a 
plan view showing the arrangement of the quartz glass 
tube 15, the metal rod 18 and the graded glass piece 
19. 

[0049] First, in the glove box 1 charged with Ar gas. 
together with the metal rod 18, the graded glass piece 

19 is disposed in the quartz glass tube 15 as shown in 
FIG. 4a such that its one side having a smaller thermal 
expansion coefficient makes contact with the quartz 
glass tube 15 and such that its other side having a 
larger thermal expansion coefficient makes contact with 
the metal rod 18. Next, as shown in FIG. 3, the quartz 
glass tube 15 provided with the metal rod 18 and the 
graded glass piece 19 is disposed at the passing- 
through portion of the susceptor 10 of the microwave 
heating apparatus in accordance with embodiment 3 of 
the present invention. 

[0050] The microwave having a predetermined 
amount of energy and delivered from the magnetron 
oscillator 3 is absorbed by the susceptor 10. The sus- 
ceptor 10 generates radiation heat on the basis of the 
energy of the absorbed microwave to soften and melt 
the graded glass piece 19. By using the graded glass 
piece 19 as a bonding material, the metal rod 18 is 
bonded to and sealed in the quartz glass tube 15. 
[0051] In embodiment 3, the cylindrical metal rod 18 
is used as a metal member of the present invention. 
However, the metal member of the present invention is 
not limited to the cylindrical metal rod 18. A prism- 
shaped metal rod or a plate-like metal piece may be 
used. 

[0052] In the present invention, the magnetron oscilla- 
tor 3 is used as a microwave generating means, the 
susceptor 10 is used as a heat generating means, the 
thermal adiabatic material 1 1 is used as a thermal adia- 
batic means, and the glove box 1 is used as a sealing 
chamber. In addition, as a sealing material to be melted, 
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the intermediate frit material 14 is used in embodiment 
1 . and the graded glass piece 1 9 is used in embodiment 
3. As an object or objects to be bonded, the two ceramic 
materials 13 are used in embodiment 1, the quartz 
glass tube 15 is used in embodiment 2, and the quartz 5 
glass tube 15 and the metal rod 18 are used in embodi- 
ment 3. 

[0053] Furthermore, in embodiments 1 , 2 and 3, the 
glove box 1 is charged with a predetermined amount of 
Ar gas only. In the present invention, however, the glove io 
box 1 used as a hermetic sealing chamber may be 
charged with a predetermined amount of a rare gas 
only, other than Ar gas. 

[0054] Furthermore, in embodiments 1 , 2 and 3, the 
two ceramic materials 13, the quartz glass tube 15, or 15 
the quartz glass tube 15 and the metal rod 18, used as 
an object or objects to be bonded, and the graded glass 
piece 19 used as a sealing material to be melted are 
disposed at their predetermined positions. In the 
present invention, however, the user of the microwave 20 
heating apparatus of the present invention may manu- 
ally secure the object(s) to be bonded and/or the sealing 
material to be melted so that they are disposed at their 
predetermined positions by using the glove of the glove 
box 1 used as a sealing chamber. In short, the object(s) 25 
to be bonded and/or the sealing material to be melted 
should only be disposed at their predetermined posi- 
tions. 

[0055] Furthermore, in embodiments 1, 2 and 3, the 
susceptor 10 has a partially passing-through cylindrical 30 
shape so as to substantially cover the predetermined 
position. However, the susceptor 10 used as a heat gen- 
erating means of the present invention may have a 
plate-like shape or a shape of a vertically split cylinder. 
In short, the susceptor 10 used as a heat generating 35 
means of the present invention should only be a means 
for absorbing the microwave from the magnetron oscil- 
lator 3 used as a microwave generating means and for 
generating radiation heat on the basis of the energy of 
the absorbed microwave. The shape is thus not limited 40 
to a cylindrical shape. However, if the susceptor 10 used 
as the heat generating means of the present invention is 
not cylindrical, the objectfs) to be bonded and/or the 
sealing material to be melted must be disposed at a pre- 
determined distance position from the susceptor 10 45 
wherein a predetermined amount of heat can be 
absorbed from the susceptor 10. 
[0056] Furthermore, in the above-mentioned explana- 
tions of embodiments 1 , 2 and 3, the glove box 1 of the 
microwave heating apparatus of the present invention is 50 
charged with Ar gas, and the two ceramic materials 13 
are bonded to each other in the Ar gas atmosphere, or 
the quartz glass tube 15 is hermetically sealed, or the 
metal rod 18 is bonded to and sealed in the quartz glass 
tube 15. In the microwave heating apparatus of the 55 
present invention, however, it is needless to say that the 
apparatus can be used even when the glove box 1 of the 
apparatus used as a hermetically sealed chamber is 



charged with a rare gas such as Ar gas, and metals of 
Mo, W and the like undesired to be oxidized are bonded 
metal-to-metal in the rare gas atmosphere. Moreover, in 
the present invention, the above-mentioned metal-to- 
metal bonding may be carried out in a substantially vac- 
uum condition in the glove box 1 used as a hermetically 
sealed chamber. Additionally, in the present invention, if 
the object to be bonded is not made of a material like a 
metal undesired to be oxidized but made of a material 
like the ceramic material 13 not required to be bonded in 
the atmosphere of a rare gas such an Ar gas or in a sub- 
stantially vacuum condition, the object to be bonded is 
not required to be bonded in the atmosphere of the rare 
gas such as Ar gas or in the substantially vacuum con- 
dition. 

[0057] Furthermore, in the present invention, the 
objects to be bonded can be bonded properly by con- 
trolling the energy of the microwave generated by the 
magnetron oscillator 3, the shape of the susceptor 10 
and/or the size of the thermal adiabatic material 1 1 . 
[0058] As another embodiment of the present inven- 
tion is such method can be devised that the susceptor 
10 is cooled every when one set of the objects to be 
bonded is bonded. 

[0059] That is one set of the objects is inserted into 
the through hole 16 and bonded and then the bonded 
objects are picked out and such place which becomes 
considerably high temperature on account of the ther- 
mal adiabatic material 1 1 , is cooled by refrigerant like as 
liquid nitrogen to become normal temperature. And then 
another one set of the objects is inserted and bonded. 
[0060] FIG.8 shows one exmaple of the cooling 
method. A pipe 23 is inserted into the through hole 16 
when cooling, and the above refrigerant or cool window 
goes through the pipe 23. Thus the susceptor 10 which 
becomes too high temperature is cooled. For sending 
the refrigerant or cool window to the pipe 23, a nozzle 
24 is disposed direct under the pipe 23 and the refriger- 
ant and so on is sent by using a valve for closing. Fur- 
ther the pressure in the globe box 1 is made a constant 
value by using a rotary pump 22 and an adjusting pres- 
sure valve 21. 

[0061 ] The reason why the susceptor is cooled every 
when the objects are bonded is that the heating appara- 
tus of the present invention has high heat adiabatic effi- 
ciency and then when the sample is exchanged, the 
exchanging operation is difficult if the susceptor is too 
high temperature. 

INDUSTRIAL APPLICABILITY 

[0062] As clearly understood from the above descrip- 
tions, the present invention can provide a microwave 
heating apparatus capable of heating materials trans- 
parent for microwaves to high temperatures, and can 
provide a method of bonding objects by using the appa- 
ratus. 

[0063] Furthermore, the present invention can provide 
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a microwave heating apparatus capable of heating 
materials transparent for microwaves to high tempera- 
tures in an atmosphere of a rare gas, such as Ar gas or 
in a substantially vacuum condition, and can also pro- 
vide a method of bonding objects by using the appara- 
tus. 

[0064] Consequently, ceramic-to-ceramic bonding, 
sealing of a quartz glass tube, metal-to-metal bonding 
of metals having high melting points and undesired to 
be oxidized, bonding of a metal to a ceramic material or 
a quartz glass tube, and the like can easily be carried 
out in an atmosphere of a rare gas, such as Ar gas or in 
a substantially vacuum condition. 



8. A method of bonding objects to be bonded by using 
a microwave heating apparatus, wherein a micro- 
wave heating apparatus in accordance with one of 
claims 1 to 6 is used, a sealing materia! to be 

5 melted is disposed at a predetermined distance 
position from said heat generating means of said 
apparatus or at a position covered by said heat gen- 
erating means, or objects to be bonded are dis- 
posed to sandwich said sealing material to be 

w melted, and said sealing material is melted by using 
the heat from said heat generating means, and then 
said objects are bonded by using said sealing 
material having been melted. 



Claims 



75 



1. A microwave heating apparatus comprising a 
microwave generating means for generating a 
microwave and a heat generating means for 
absorbing said microwave from said microwave 20 
generating means and for generating heat on the 
basis of said absorbed microwave and, wherein 
said heat generating means is disposed to substan- 
tially cover a predetermined position. 

25 

2. A microwave heating apparatus in accordance with 
claim 1 , wherein said heat generating means has a 
tubular shape. 

3. A microwave heating apparatus in accordance with 30 
claim 1 or 2, comprising a thermal adiabatic means 
disposed around said heat generating means to 
thermally adiabate said heat generating means. 

4. A microwave heating apparatus in accordance with 35 
one of claims 1 to 3, comprising a hermetically 
sealed chamber for substantially blocking the entry 

of outside air, said hermetically sealed chamber 
having said heat generating means and said ther- 
mal adiabatic means. 40 

5. A microwave heating apparatus in accordance with 
one of claims 1 to 4, wherein said heat generating 
means is made of SiC. 

45 

6. A microwave heating apparatus in accordance with 
one of claims 3 to 5, wherein said thermal adiabatic 
means is made of zirconia and/or alumina. 

7. A method of bonding objects to be bonded by using so 
a microwave heating apparatus, wherein a micro- 
wave heating apparatus in accordance with one of 
claims 1 to 6 is used, objects to be bonded are dis- 
posed at a predetermined distance position from 
said heat generating means of said apparatus or at 55 
a position covered by said heat generating means, 
and said objects are bonded by using the heat from 
said heat generating means. 



9. A method of bonding objects to be bonded by using 
a microwave heating apparatus, wherein a micro- 
wave heating apparatus in accordance with one of 
claims 4 to 6 is used, said hermetically sealed 
chamber of said apparatus is filled with a predeter- 
mined amount of a rare gas or substantially vacu- 
umed, objects to be bonded are disposed at a 
predetermined distance position from said heat 
generating means of said heating apparatus or at a 
position covered by said heat generating means in 
said hermetically sealed chamber, and said objects 
are bonded by using the heat from said heat gener- 
ating means. 

1 0. A method of bonding objects to be bonded by using 
a microwave heating apparatus, wherein a micro- 
wave heating apparatus in accordance with one of 
claims 4 to 6 is used, said hermetically sealed 
chamber of said apparatus is filled with a predeter- 
mined amount of a rare gas or substantially vacu- 
umed, a sealing material to be melted is disposed 
at a predetermined distance position from said heat 
generating means of said heating apparatus or at a 
position covered by said heat generating means in 
said hermetically sealed chamber, or objects to be 
bonded are disposed to sandwich said sealing 
material to be melted, and said sealing material is 
melted by using the heat from said heat generating 
means, and then said objects to be bonded are 
bonded by using said sealing material having been 
melted. 

1 1. A method of bonding objects to be bonded by using 
a microwave heating apparatus, wherein an object 
to be bonded is a glass tube having been sealed at 
one end thereof and filled with a predetermined 
substance, said glass tube filled with said predeter- 
mined substance is disposed at a predetermined 
distance position from said heat generating means 
or at a position covered by said heat generating 
means in said hermetically sealed chamber, said 
glass tube is melted at the predetermined position, 
and the melted portion thereof is bonded to hermet- 
ically seal said glass tube. 
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12. A method of bonding objects to be bonded by using 
a microwave heating apparatus in accordance with 
claim 1 1 , wherein said predetermined substance is 
mercury, metal and/or metal halide. 

5 

1 3. A method of bonding objects to be bonded by using 
a microwave heating apparatus in accordance with 
claim 10, wherein said objects to be bonded are a 
quartz glass tube and a metal member, said sealing 
material to be melted is a graded material having w 
gradually different thermal expansion coefficients 
depending on the area thereof, and said metal 
member and said graded material are disposed in 
said quartz glass tube so that one side thereof hav- 
ing a smaller thermal expansion coefficient makes 15 
contact with said quartz glass tube and so that the 
other side having a larger thermal expansion coeffi- 
cient makes contact with said metal member. 

14. A method of bonding objects to be bonded by using 20 
a microwave heating apparatus in accordance with 
claim 13, wherein said graded material is a graded 
glass piece having a thermal expansion coefficient 

of (1 to 8) x 10' 7 /°C on said side making contact 
with said quartz glass tube and having a thermal 25 
expansion coefficient of (10 to 100) x 10" 7 /°C on 
said other side making contact with said metal 
member. 

1 5. A method of bonding objects to be bonded by using 30 
a microwave heating apparatus in accordance with 
any one of claims 7 to 14, wherein said bonding 
objects is constituted with such material through 
which a microwave transmits. 

35 

16. A method of bonding objects to be bonded by using 
a microwave heating apparatus in accordance with 
any one of claims 7 to 14, said bonding objects is 
constituted with such material which has a lower 
melting point than that of said heat generating 40 
means. 

17. A method of bonding objects to be bonded by using 
a microwave heating apparatus in accordance with 
any one of claims 7 to 16, wherein the heat gener- 45 
ating means is cooled every when one set of the 
bonding objects is bonded. 
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